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I. Basis of the report 



1 . This report has been drawn on the basis of (Replacement sheets which have been furnished to the receiving Office in response to an invitation 
under Article 14 ore referred to in this report as "originally filed" and are not annexed to the report since they do not contain amendments.): 



the international application as originally filed. 



\^ the description, pages 

pages 



pages 
pages 



1-15 



, as originally filed, 
, filed with the demand, 
, filed with the letter of 
. filed with the letter of 



El 



the claims. 



Nos. 
Nos. 
Nos. 
Nos. 
Nos. 



, as originally filed, 

. as amended under Article 1 9, 

, filed with the demand, 

, filed with the letter of 25.08. 1998 
. filed with the letter of 



the drawings, 



shoet i i /fig 1-2 

nh ee t -i/fig 

ahuuUi /fig 

sheets/fig 



, as originally filed, 
, filed with the demand 
, tiled with the letter of 
. filed with the letter of 



2. The amendments have resulted in the cancellation of: 
I 1 

the description, pages 

| | the claims, Nos. 



| | the drawings, sh e ets /fig 



1 1 This report has been established as if (some of) the amendments had not been made, since they have been considered to 

' ' go beyond the disclosure as filed, as indicated in the supplemental Box (Rule 70.2(c)). 



4. Additional observations, if necessary 
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V. Rcsoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



I. S la lenient 



Novelty (N) 



Inventive step (IS) 



Industrial applicability (IA) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



1, 2 



1±Z 



1, 2 



yi~:s 

NO 

YES 
NO 

YES 
NO 



Citations and explanations 

The originally filed claims are substituted by amended claims 
1 and 2 directed to a cemented carbide insert provided with a 



eel 



and 



thin wear resistant coating for machining of s 
stainless steels. According to claim 1, the insert is based on 
WC, optionally not more than 10 wt-% cubic carbides and 5 - 
12,5 wt-% Co. The WC grains have an average grain si::e in the 



range 0.2-3.5 |um. The insert is characterised by a WC gram 

size distribution, in the range 0-4.5 |om and by a high content 
of dissolved W in the cobalt binder phase, which is expressed 
by a formula. In claim 2 coatings are defined. 



Cited document US, A, 3 660 050 relates to a cement 
for cutting tools. The material has a very fine str 
e., fine WC grains. Preferably WC powde 

anisodimensional particles with a thickness of 0.05- 

length/breadth of 0.2-4 j.im is used (col. 4, 11 26-^ 
11 11-32) . In Example 3, a WC powder having grains 

in the size range 0.5-2 |.im with an average size of 
used (col'. 28, 11 63-75) . There is no indication 
sintered cemented carbides have essentially diffe 
size characteristics. See also Examples 1, t 
Therefore, in the cemented carbide according to US, 
0'50 the WC grains have an average grain size in the 

3.5 jam and a grain size distribution in the range 
However, the cemented carbide according to the docu 
heterogenous binder regarding the W (Tungsten) conL 
binder phase, a high content being preferred (col. 
col. 5, 1 34) . The content of W dissolved in the coi 
phase is regulated by the carbon content, c.f. t. 
description p 4, 11 4-14. 



r b ide 
a ving 



=*nd a 



L . 6, 

oles) 

urn i s 
r the 
: rain 
10 . 
660 
0.2- 

|.im . 

■ '.-.is a 
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\ 3 - 
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• v s e n t 
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Continuation of: V . 

Consequently, the invention defined in claim 1 is novel in 
that a homogenous high content of W in the binder phase is 
prescribed. It is considered not to be obvious to a person 
skilled in the art, in light of the -cited document, to 
prescribe a high overall content of W dissolved in the cobalt 
binder phase in a cemented carbide having the defined particle 
size distribution . 



Cited document US, A, 4 923 512 relates to a cemented carbide 
in which the carbide grains, including WC, in the material 

have an average size of less than 2.5 jam, desirably less than 

1 nm (col 3, 11 19-40, col 6, 11 9-13) . This is also indicated 
in Table II, (col. 9, 11 31-68). Therefore, it is considered 

that the grain size distribution is in the range 0-4.5 |Ltm . 
However, there is a low content of dissolved W in the binder 
phase. 

Cited document EP, A2 , 240 879 relates to a cemented carbide 
wire for print pins of a dot printer. The average particle or 

grain size is 0.2- 1 |am (col 2. 11 1 - 42 and col. 4, II 37 - 
44) . Therefore, it ' is considered that the grain size 

distribution is in the range 0-4.5 |.im. Optionally, the alloy 
also contains cubic phase hard components in -convent ional 
amounts. However, there is no information about the content of 
W in the binder phase. 

Cited document Derwent Abstract of Japan 6-335 808 refers to a 
WC - based cemented carbide with such a hard phase particle 
distribution that 90% of the particles are in the range 0.5 - 

1.5 jam. However, there is no information about the content of 
W in the binder phase. 

Consequently, the method according to claim 1 a::'i related 
claim 2 is novel and is not considered to be obvi-us to a 
person skilled in the art in light of the cited docur-.r. us . 

The other documents cited in the Search Report we:o /iced to 
show the general state of the art and were not cor:.-, iored to 
be of particular relevance. 
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Application No. 
Patent No. 



Publication date 
(day month year) 



Filing date 
(day 'month 'year) 



Priority date (valid claim) 
( day '.'month i ■ ea i j 



JP, A, 9-12 518 5 13.05. 1997 06.11.1995 

& Dialog Information Services , File 351, DERWENT WPI, 
Dialog accession no. 011397725, WPI accession no. 97-375632/199735, 
(KOBE STEEL LTD) , ''Hard tough cemented carbide - comprises mainly 
tungsten carbide, cobalt and nickel", 
& JP,A, 9-125135, 19970513, 199735 B 

The document, according to the Abstract, relates to a cemented 
carbide with a mean WC particle size of 2 - 8 ^toi, and a small 
standard deviation. 



Non-written disclosures (Rule 70.9) 

Date of written disclosure 

Kind of non-written disclosure Date of non-written disclosure referring to non-written disclosure 

(day/month'year) (day month year) 
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PCT/ SE97 /ofj^ff 



Claims 



? 5 -08- igog 



1. A cemented carbide insert provided with a thin wear resistant coating with 
excellent properties for machining of steels and stainless steels consisting of WC, 5 - 
12.5 wt-% Co and 0-10 wt-% cubic carbides such as TiC, TaC, NbC or mixtures 
thereof in which the WC-grains have an average grain size in the range 1.0 - 3.0 mm 
characterised in that the WC grains have a narrow grain size distribution in 
the range 0.5 - 4.5 mm and the W-content in the binder phase expressed as the "CW- 
ratio" defined as 

CW-ratio = M s / wt%Co * 0.016.1 
where M s is the measured saturation magnetization of the sintered cemented carbide 
insert in kA/m and wt% Co is the weight percentage of Co in the cemented carbide is 
0.86 - 0.96. 

2. A cemented carbide insert according to the preceding claim characterised 
in that said coating comprises TiC x N v O z with columnar grains followed by a layer 
of a-Al2C>3, k-Al2C>3 or a mixture of a- and k-A^C^ 
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'under Article 14 are referred to in this report as "originally filed" and are not annexed to the report since they do not contain amendments.)- 



| j the international application as originally filed. 




the description, pages 

pages 
pages 
pages 
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^ the claims, 



^ the drawings, 



Nos. 
Nos. 
Nos. 
Nos. 
Nos. 



oheota/ fig 1 — 2 

sheets/fig 

sheets/fig 

sheets/fig 



, as originally filed, 
, filed with the demand, 
, filed with the letter of 
, filed with the letter of 



, as originally filed, 

, as amended under Article 19, 

, filed with the demand, 

, filed with the letter of 25 . 08 .1998 

, filed with the letter of 



, as originally filed, 
, filed with the demand 
, filed with the letter of 
, filed with the letter of 



2. The amendments have resulted in the cancellation of: 

| | the description, pages 

| | the claims, Nos. 



[ | the drawings, sheets/fig 



□ This report has been established as if (some of) the amendments had not been made, since they have been considered to 
go beyond the disclosure as filed, as indicated in the supplemental Box (Rule 70.2(c)). 



4. Additional observations, if necessary: 
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V. Resoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 

Novelty (N) Claims 1, 2 YES 

Claims NO 

Inventive step (IS) Claims 1 , 2 YES 

Claims NO 

Industrial applicability (IA) Claims 1,2 YES 

Claims NO 



2. Citations and explanations 

The originally filed claims are substituted by amended claims 

I and 2 directed to a cemented carbide insert provided with a 
thin wear resistant coating for machining of steels and 
stainless steels. According to claim 1, the insert is based on 
WC, optionally not more than 10 wt-% cubic carbides and 5 - 
12.5 wt-% Co. The WC grains have an average grain size in the 

range 0.2-3.5 \xrci. The insert is characterised by a WC grain 

size distribution in the range .0-4.5 jam and by a high . content 
of dissolved W in the cobalt binder phase, which *is expressed 
by a formula. In claim 2 coatings are defined. 

Cited document US, A, 3 660 050 relates to a cemented carbide 
for cutting tools. The material has a very fine structure, i. 
e., fine WC grains. Preferably WC powder having 

anisodimensional particles with a thickness of 0.05-1 pin and a 

length/breadth of 0.2-4 [xm is used (col. 4, 11 26-32, col. 6, 

II 11-32). In Example' 3, a WC powder having grains (particles) 

in the size range 0.5-2 |im with an average size of 5-1 |im is 
used (col. 28, 11 63-75) . There is no indication that the 
sintered cemented carbides have essentially different grain 
size characteristics. See also Examples 1, 6 and 10. 
Therefore, in the cemented carbide according to US, A, 3 660 
050 the WC grains have an average grain size in the range 0.2- 

3.5 |om and a grain size distribution in the range 0-4.5 |xm. 
However, the cemented carbide according to the document has a 
heterogenous binder regarding the W (Tungsten) content in the 
binder phase, a high content being preferred (col. 4, 1. 43 - 
col. 5, 1 34) , The content of W dissolved in the cobalt binder 
phase is regulated by the carbon content, c.f. the present 
description p 4, 11 4 - 14. 

• . . / ... 
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Continuation of: V . 



m 
is 



Consequently, the invention defined in claim 1 is novel 

P^scribed^lT 0 ^ hi 9* content of W in the binder phase is 
i • * J S consi dered not to be obvious to a person 
skilled in the art, in light of the cited document to 
prescribe a high overall content of W dissolved in the cobaJ? 

siSfSiSJSu^on. 0 ^^^ CarMde haVing thS defined Sa???SS 

?n te w d h^°h C TH nt US L^' 4 923 512 rela tes to a cemented carbide 
in which the -carbide grains, including WC, in the material 

have an average size of less than 2.5 p, desirably less than 
J^'" 1 3 ' ^ 1 1 9 " 4 °' ?ol 6 ' H 9-13) . This is also indicated 
^ J ,1 ' (C • 9 ' 11 31_68) ' Th ^*tore, it is considered 
that the grain size distribution is in the range 0-4 5 urn 
However, there is a low content of dissolved W in the binder 

wt^ d ^ CUmen ^ EP ' A2 ' 240 879 rel ^tes to a cemented carbide 
wire for print pins of a dot printer. The average particle or 

?Jf ln Ji Ze i S °' 2 ~ 1 m (co1 2 - 11 1 - 42 and col.. 4, 11 37 - 
44) Therefore, it is considered that the grain size 
distribution ' 



a 




Cited document Derwent Abstract of Japan 6-335 808 refers to a 
WC - based cemented carbide with such a hard phase particle 
distribution that 90% of the particles are in the range > 0 5 - 

W^'n^he^Tn^Vha^. 6 ^ n ° info ™ ation -bout the contend of 

Consequently, the method according to claim 1 and related 
claim 2 is novel and is not considered to be obvious tc fa 
person skilled in the art in light of the cited documents 

The other documents cited in the Search Report were cited to 
show the general state of the art and were not considered to 
be of particular relevance. considered to 
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Patent No. 



Publication date 
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Filing date 
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Priority date (valid claim) 
(day/mon th/year) 



& Dialog Information Services , File 351, DERWENT WPI, 

(K?BE g S ?EErLTD? ^J 97 '? 5 ' WPI session no. 97-375632/199735, 

(KOBE STEEL LTD), "Hard tough cemented carbide - comprises mainiv 
tungsten carbide, cobalt and nickel", comprises mainly 

& JP,A, 9-125185, 19970513, 199735 B 

The document, according to the Abstract, relates to a cemented 

SSSSd^tTE? wc particle size °* *- . ~S 
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Kind of non-written disclosure 
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PCT/SE9 7 /O 1 2 34 



Claims 2 5 -08^ 1998 

1 . A cemented carbide insert provided with a thin wear resistant coating with 
excellent properties for machining of steels and stainless steels consisting of WC, 5 - 
12.5 wt-% Co and 0 - 10 wt-% cubic carbides such as TiC, TaC, NbC or mixtures 
thereof in which the WC-grains have an average grain size in the range 1.0 - 3.0 mm 
characterised in that the WC grains have a narrow grain size distribution in 
the range 0.5 - 4.5 mm and the W-content in the binder phase expressed as the "CW- 
ratio 1 ' defined as 

CW-ratio = M s / wt%Co * 0.0 1 6 1 
where M s is the measured saturation magnetization of the sintered cemented carbide 
insert in kA/m and wt% Co is the weight percentage of Co in the cemented carbide is 
0.86 - 0.96. 



2. A cemented carbide insert according to the preceding claim characterised 
in that said coating comprises TiC x N v O z with columnar grains followed by a layer 
of a-Al203, IC-AI2O3 or a mixture of a- and k-A^C^ 
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(57) Abstract 

The present invention relates to a cemented 
carbide insert with excellent properties for machining 
of steels and stainless steels. The cemented carbide 
comprises WC and 4-25 wt.% Co. The WC-grains 
have an average grain size in the range 0.2-3.5 fim 
and a narrow grain size distribution in the range 0- 
4.5 ^m. According to the method of the invention, 
a cemented carbide cutting tool insert is made by 
mixing powders of WC, TiC, TaC and/or NbC, binder 
metal and pressing agent, drying preferably by spray 
drying, pressing to inserts and sintering. The method 
is characterised in that a deagglomerated WC-powder 
with a narrow grain size distribution is used, that the 
powders of TiC, TaC and/or NbC are deagglomerated 
and that the mixing is wet mixing with no change in 
grain size or grain size distribution. 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BC 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/03691 



1 



PCT/SE97/01243 



Cemented carbide insert for turning, milling and 

drilling 

The present invention relates to a cemented carbide 
5 cutting tool insert, particularly useful for turning, 
milling and drilling of steels and stainless steels. 

Conventional cemented carbide inserts are produced 
by powder metallurgical methods including milling of a 
powder mixture forming the hard constituents and the 

10 binder phase, pressing and sintering. The milling ope- 
ration is an intensive milling in mills of different 
sizes and with the aid of milling bodies. The milling 
time is of the order of several hours up to several 
days. Such processing is believed to be necessary in 

15 order to obtain a uniform distribution of the binder 

phase in the milled mixture. It is further believed that 
the intensive milling creates a reactivity of the 
mixture which further promotes the formation of a dense 
structure. However, milling has its disadvantages. 

20 During the long milling time the milling bodies are worn 
and contaminate the milled mixture. Furthermore even 
after an extended milling a random rather than an ideal 
homogeneous mixture may be obtained. Thus, the proper- 
ties of the sintered cemented carbide containing two or 

25 more components depend on how the starting materials are 
mixed . 

There exist alternative technologies to intensive 
milling for production of cemented carbide, for example, 
use of particles coated with binder phase metal . The 

30 coating methods include fluidized bed methods, solgel 
techniques, electrolytic coating, PVD coating or other 
methods such as disclosed in e . g. GB 346,473, US 
5,529,804 or US 5,505,902. Coated carbide particles 
could be mixed with additional amounts of cobalt and 

35 other carbide powders to obtain the desired final 
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15 



material composition, pressed and sintered to a dense 
structure . 

During metal cutting operations like turning, mill- 
ing and drilling the general properties such as hard- 
5 ness, resistance against plastic deformation, resistance 
against formation of thermal fatigue cracks are to a 
great extent related to the volume fraction of the hard 
phases and the binder phase in the sintered cemented 
carbide body. It is well known that increasing the 
10 amount of the binder phase reduces the resistance to 
plastic deformation. Different cutting conditions 
require different properties of the cutting insert. When 
cutting of steels with raw surface zones (e.g. rolled, 
forged or cast) a coated cemented carbide insert must 
consist of tough cemented carbide and have a very good 
coating adhesion as well. When turning, milling or 
drilling in low alloyed steels or stainless steels the 
adhesive wear is generally the dominating wear type. 

Measures can be taken to improve the cutting per- 
formance with respect to a specific wear type. However, 
very often such action will have an negative effect on 
other wear properties . 

The influence of some possible measures is given 
below: 

1. Milling, turning or drilling at high cutting 
speeds and high cutting edge temperature require a 
cemented carbide with a rather large amount of cubic 
carbides (a solid solution of WC-TiC-TaC-NbC) . Thermal 
fatigue cracks will often more easily develop in such 

30 carbides . 

2 . The formation of thermal fatigue cracks can be 
reduced by lowering the binder phase content. However, 
such action will lower the toughness properties of the 
cutting insert which is not desirable. 



20 



25 
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3. Improved abrasive wear can be obtained by increa- 
sing the coating thickness. However, thick coatings 
increase the risk for flaking and will lower the resis- 
tance to adhesive wear. 

It has now surprisingly been found that cemented 
carbide inserts made from powder mixtures with hard 
constituents with narrow grain size distributions and 
without conventional milling have excellent cutting 
performance in steels and stainless steels with or 
without raw surfaces in turning, milling and drilling 
under both dry and wet conditions. 

Fig. 1 shows in 1200X the micros tructure of a 
cemented carbide insert according to the invention. 

Fig. 2 shows in 1200X the microstructure of a. 
corresponding insert made according to prior art. 

According to the invention there is now provided 
cemented carbide inserts with excellent properties for 
machining of steels and stainless steels comprising WC 
and 4-20 wt-% Co, preferably 5 - 12.5 wt-% Co and 0 - 
3 0 wt-% cubic carbide, preferably 0-15 wt-% cubic 
carbide, most preferably 0-10 wt-% cubic carbide such 
as TiC, TaC, NbC or mixtures thereof. The WC-grains have 
an average grain size in the range 0.8 - 3.5 u JTl/ pre- 
ferably 1.0 - 3.0 urn. The microstructure of the cemented 
carbide according to the invention is further characte- 
rized by a narrow grain size distribution of WC in the 
range 0.5 - 4.5 Mm, and a lower tendency for the cubic 
carbide particles, when present, to form long range 
skeleton, compared to conventional cemented carbide. 

In another alternative embodiment there is provided 
cemented carbide inserts comprising WC and 10 - 25 wt-% 
Co, preferably 15-20 wt-% Co, and <2 wt-%, preferably 
<1 wt-% cubic carbides such as Cr 3 C 2 and/or VC added as 
grain growth inhibitors. The WC-grains have an average 
grain size 0.2 - 1.0 ^m. The microstructure of cemented 
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carbide according to the invention is further characte- 
rized by a narrow grain size distribution of WC in the 
range 0 - 1.5 \im. 

The amount of W dissolved in binder phase is 
controlled by adjustment of the carbon content by small 
additions of carbon black or pure tungsten powder. The 
W-content in the binder phase can be expressed as the 
"CW- ratio" defined as 

CW-ratio = M s / (wt%Co * 0.0161) 
where M s is the measured saturation magnetization of the 
sintered cemented carbide body in kA/m and wt% Co is the 
weight percentage of Co in the cemented carbide. The CW- 
ratio in inserts according to the invention shall be 
0.82 - 1.0, preferably 0.86 - 0.96. 

The sintered inserts according to the invention are 
used coated or uncoated, preferably coated with MTCVD, 
conventional CVD or PVD with or without A1 2 0 3 . In 
particular, multilayer coatings comprising TiC x N v O z with 
columnar grains followed by a layer of a-Al 2 0 3 , k-a1 2 0 3 
or a mixture of cc- and k-A1 2 o 3 , have shown good results. 
In another preferred embodiment the coating described 
above is completed with a TiN-layer which could be 
brushed or used without brushing. 

According to the method of the present invention WC- 
powder with a narrow grain size distribution is wet 
mixed without milling with deagglomerated powder of 
other carbides generally Tic, TaC and/or NbC, binder 
metal and pressing agent, dried preferably by spray 
drying, pressed to inserts and sintered. 

WC-powder with a narrow grain size distributions 
according to the invention with eliminated coarse grain 
tails >4.5 jxm and with eliminated fine grain tails, <0.5 
Hm, are prepared by sieving such as in a jetmill- 
classifier. It is essential according to the invention 
that the mixing takes place without milling i.e. there 
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should be no change in grain size or grain size distri- 
bution as a result of the mixing. 

Hard constituents with narrow grain size distri- 
butions according to the alternative embodiment with 

5 eliminated coarse grain tails >1.5 m are prepared by 

S16Ving SUGh as in a jetmill classifier. It is essential 
according to the invention that the mixing takes place 
without milling i.e. there should be no change in grain 
size or grain size distribution as a result of the 

0 mixing . 

In a preferred embodiment the hard constituents, at 
least those with narrow grain size distribution, are 
after careful deagglomeration coated with binder meta] 
using methods disclosed in US 5,505,902 or US 5,529,804 
5 In such case the cemented carbide powder according to 
the invention consists preferably of Co-coated wc + C o- 
binder, with or without additions of the cubic carbides 
TiC, TaC, NbC. (Ti,W)C, (Ta,Nb)C, (Ti,Ta,Nb)C 
(W,Ta,Nb)C, (W,Ti,Ta,Nb)C or Cr 3 C 2 and/or VC coated or 
uncoated, preferably uncoated, possibly with further 
additions of Co-powder in order to obtain the desired 
final composition. 

Example 1 

A. Cemented carbide tool inserts of the type SEMN 
1204 AZ, an insert for milling, with the composition 9 l 
wt% Co, 1.23 wt% TaC and 0.30 wt% NbC and rest WC with a 
grain size of 1.6 ^m were produced according to the 
invention. Cobalt coated WC, WC-2 wt% Co, prepared 
according to US 5,505,902 was carefully deagglomerated 
xn a laboratory jetmill equipment, mixed with additional 
amounts of Co and deagglomerated uncoated (Ta,Nb)C and 
TaC powders to obtain the desired material composition 
The mixing was carried out in an ethanol and water 
solution (0.25 1 fluid per kg cemented carbide powder) 



WO 98/03691 



PCT/SE97/01243 



15 



for 2 hours in a laboratory mixer and the batch size was 
10 kg. Furthermore, 2 wt% lubricant, was added to the 
slurry. The carbon content was adjusted with carbon 
black to a binder phase highly alloyed with W corres- 
5 ponding to a CW-ratio of 0.89. After spray drying, the 
inserts were pressed and sintered according to standard 
practise and dense structures with no porosity were 
obtained, Fig. 1. 

Before coating a negative chamfer with an angle of 
10 20° was ground around the whole insert. 

The inserts were coated with a 0.5 |im equiaxed TiCN- 
layer (with a high nitrogen content corresponding to an 
estimated C/N-ratio of 0.05) followed by a 4 thick 
TiCN- layer with columnar grains by using MTCVD- technique 
(temperature 885-850 °C and CH 3 CN as the carbon and 
nitrogen source) . In subsequent steps during the same 
coating cycle, a 1.0 |im thick layer of AI2O3 was depo- 
sited using a temperature 970 °C and a concentration of 
H2S dopant of 0.4 % as disclosed in EP-A-523 021. A thin 
(0.3 flm) layer of TiN was deposited on top according to 
known CVD-technique . XRD-measurement showed that the 
AI2O3 -layer consisted of 100 % K-phase . 

The coated inserts were brushed by a nylon straw 
brush containing Sic grains. Examination of the brushed 
25 inserts in a light microscope showed that the thin TiN- 
. layer had been brushed away only along the cutting edge 
leaving there a smooth AI2O3 -layer surface. 

Coating thickness measurements on cross sectioned 
brushed samples showed no reduction of the coating along 
the edge line except for the outer TiN- layer that was 
removed . 

B. Cemented carbide tool inserts of the type SEMN 
1204 AZ with the same chemical composition, average 
grain size of WC, CW-ratio, chamfering and CVD-coating 
35 respectively but produced from powder manufactured with 
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30 
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conventional ball milling techniques, Fig. 2, were used 
as reference. 

Inserts from A were compared to inserts from B in a 
wet milling test in a medium alloyed steel (HB=210) with 
hot rolled and rusty surfaces. Two parallel bars each of 
a thickness of 33 mm were centrally positioned relative 
to the cutter body (diameter 100 mm) and with an air gap 
of 10 mm between them. 

The cutting data were: 

Speed= 160 m/min 

Feed= 0.20 mm/ rev 

Cutting depth= 2 mm, single tooth milling with 
coolant . 

Evaluated life length of variant A according to the 
invention was 3600 mm and for the standard variant B 
only 24 00 mm. Since the CW- ratio, the negative chamfer 
and the coatings were equal for variants A and B, the 
differences in cutting performance depend on the 
improved properties obtained by the invention. 

Example 2 

A. Cemented carbide tool inserts of the type SEMN 

12 04 AZ according to the invention identical to the test 
specimen (A) in Example 1 . 

B. Cemented carbide tool inserts of the type SEMN 
1204 AZ identical to the reference specimen (B) in 
Example 1 . 

C. A strongly competitive cemented carbide grade of 
the type SEKN 1204 from an external leading carbide 
producer with the composition 7.5 wt-% Co, 0.4 wt-% TaC, 
0.1 wt% NbC, 0.3 wt% Tie rest WC and a CW-ratio of Q.B5. 
The insert was provided with a coating consisting of a 
0.5 um equiaxed TiCN-layer, 2 . 1 ^m columnar TiCN-layer, 
2.2 (Xm K-AI2O3 -layer and a 0.3 Urn TiN- layer. 
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and '^"V^ A WSre C °^- ed gainst inserts from B 
and C m a dry filing test in a low alloyed .teel 
(HB=300) with premachined surfaces. A bar with a thick 
ness of 180 mm was centrally positioned relative to the 
5 cutter body (diameter 250 mm) 

The cutting data were: 

Speed= 150 m/min, 

Feed= 0.23 mm/rev 

Cutting depth= 2 mm. single tooth milling dry 
0 conditions. 

insert B broke after 6000 mm after comb crack 

byTs'ilii 3 " 3 ChiPPln9 ^ inSSrt C aft - 4800 ™ 

by a similar wear pattern. Finally, insert A according 

to the invention, broke after 8000 mm. 
Exarnol <=> l 

A. Cemented carbide tool inserts of the type CNMG 
2 408 0„, an insert lo r turning. with the J^o^L 
8.0 „t% Co, and rest WC with a grain size of 3.0 m were 
produced according to the invention. Cobalt coate^C 
WC-8 wt% Co. prepared according to US 5.505.902 was 
carefully deagglomerated in a laboratory jetmir. 
e g uip men t. The fixing was carried out in an ethanol and 
water solution ,0.25 1 fluid per kg cemented carbide 
powder, for 2 hours in a Moratory mi xer and the batch 
•»• «» " Furthermore. 2 wt% lubricant, was added 

to the slurry. The carbon content was adjusted with 
carbon black to a binder phase alloyed with w correspon- 
ding to a CW-ratio of 0.93. After spray drying, the 
inserts were pressed and sintered according to standard 
practise and dense structures with no porosity were 
obtained . 

The inserts were coated with conventional CVD 
TiN+TiCN, 1 + 1 jim. 
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B. Cemented carbide tool inserts of the type CNMG 
12 0408-QM with the same chemical composition, average 
grain size of WC, CW-ratio and the same CVD-coating 
respectively but produced from powder manufactured with 
conventional ball milling techniques were used as 
reference . 

Inserts from A and B were compared in a face turning 
test where the resistance against plastic deformation 
was measured as the flank wear. The work piece material 
was a rather highly alloyed steel, a bar with diameter 
180 mm (HB=310) . The cutting data were: 

Speed= 290 m/min 

Feed= 0.3 0 mm/rev 

Depth of cut= 2 mm 

The flank wear after two passages (average for three 
edges per variant) was found to be 0.2 7 mm for variant A 
according to the invention and 0.3 0 for variant B. 

Example 4 

A. Cemented carbide inserts of the type CNMG120408- 
MM, an insert for turning, with the composition 10.5 wt- 
% Co, 1.16 wt-% Ta, 0.28 wt-% Nb and rest WC with a 
grain size of 1.6 urn were produced according to the 
invention. Cobalt coated WC, WC-6 wt% Co, prepared 
according to US 5,505,902 was carefully deagglomerated 
in a laboratory jetmill equipment, mixed with additional 
amounts of Co and deagglomerated uncoated (Ta,Nb)C and 
TaC powders to obtain desired material composition. The 
mixing was carried out in an ethanol and water solution 
(0.25 1 fluid per kg cemented carbide powder) for 2 
hours in a laboratory mixer and the batch size was 10 
kg. Furthermore, 2 wt% lubricant, was added to the 
slurry. The carbon content was adjusted with carbon 
black to a binder phase highly alloyed with W correspon- 
ding to a CW-ratio of 0.87. After spray drying, the 
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inserts were pressed and sintered according to standard 
practise and dense structures with no porosity were 
obtained. 

The inserts were coated with an innermost 0 . 5 pm 
equiaxed TiCN-layer with a high nitrogen content, 
corresponding to an estimated C/N ratio of 0.05, 
followed by a 4.2 ym thick layer of columnar TiCN 
deposited using MT-CVD technique. In subsequent steps 
during the same coating process a 1 . 0 layer of A1 2 0 3 
consisting of pure K-phase according to procedure dis- 
closed in EP-A-523 021. A thin, 0.5 jim, TiN layer was 
deposited, during the same cycle, on top of the A1 2 0 3 - 
layer . 

The coated insert was brushed by a sic containing 
nylon straw brush after coating, removing the outer TiN 
layer on the edge. 

B. Cemented carbide tool inserts of the type 
CNMG120408-MM with the same chemical composition, 
average grain size of WC, CW-ratio and the same CVD- 
coating respectively but produced from powder manufac- 
tured with conventional ball milling techniques were 
used as reference. 

Inserts from A and B were compared in facing of a 
bar, diameter 180, with two, opposite, flat sides 
(thickness 120 mm) in 4LR60 material (a stainless 
steel) . 

The cutting data were: 
Feed= 0.25 mm/rev, 
Speed= 180 m/min and 
Depth of cut= 2.0 mm. 

The wear mechanism in this test was chipping of the 
edge . 
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Result 

Insert Number of cuts 

A, according to the invention 19 

B 15 
Example 5 

A. Cemented carbide turning tool inserts of the type 
CNMG120408-PM with the composition 5.48 wt-% Co, 3.30 
wt-% Ta, 2.06 wt-% Nb, 2.04 wt% Ti and rest WC with a 
grain size of 1.6 urn were produced according to the 
invention. Cobalt coated WC, WC-5 wt% Co, prepared 
according to US 5,505,902 was carefully deagglomerated 
in a laboratory jetmill equipment, mixed with additional 
amounts of Co and deagglomerated uncoated (Ta,Nb)C, TaC 
and (Ti,W)C powders to obtain desired material compo- 
sition. The mixing was carried out in an ethanol and 
water solution (0.25 1 fluid per kg cemented carbide 
powder) for 2 hours in a laboratory mixer and the batch 
size was 10 kg. Furthermore, 2 wt% lubricant, was added 
to the slurry. The carbon content was adjusted with 
tungsten powder to a binder phase alloyed with W 
corresponding to a CW- ratio of 0.95. After spray drying, 
the inserts were pressed and sintered according to 
standard practise and dense structures with no porosity 
were obtained. 

The inserts were coated with an innermost 5 M jti layer 
of TiCN, followed by in subsequent steps during the same 
coating process a 6 um layer of AI2O3 . 

B. Cemented carbide turning tool inserts of the type 
CNMG120408-PM with the composition 5.48 wt-% Co, 3.3 0 
wt-% Ta, 2.06 wt-% Nb, 2.04 wt% Ti and rest WC with a 
grain size of 1.6 |Am were produced according to the 
invention. Uncoated deagglomerated WC was mixed with 
additional amounts of Co and deagglomerated uncoated 
(Ta,Nb)C, TaC and (Ti,W)C powders to obtain a desired 
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material composition. The mixing was carried out in an 
ethanol and water solution (0.25 1 fluid per kg cemented 
carbide powder) for 2 hours in a laboratory mixer and 
the batch size was 10 kg. Furthermore, 2 wt% lubricant, 
was added to the slurry. The carbon content was adjusted 
with tungsten powder to a binder phase alloyed with W 
corresponding to a CW-ratio of 0.95. After spray drying, 
the inserts were pressed and sintered according to 
standard practise and dense structures with no porosity 
were obtained. 

The inserts were coated with an innermost 5 ^m layer 
of TiCN, followed by in subsequent steps during the same 
coating process a 6 layer of AI2O3 . 

C. Cemented carbide turning tool inserts of the type 
CNMG120408-PM with the composition 5.48 wt-% Co, 3.30 
wt-% Ta, 2.06 wt-% Nb, 2.04 wt% Ti and rest WC produced 
from powder manufactured with conventional ball milling 
techniques with the same CW-ratio and almost the same 
average WC-grain size as insert A and B were coated with 
the same coating as insert A and B . 

Inserts from A, B and C were compared in an external 
longitudinal turning test with cutting speed 22 0 m/min 
and 190 m/min resp., a depth of cut of 2 mm, and a feed 
per tooth equal to 0 . 7 mm/ revolution . The work piece 
material was SS 2541 with a hardness of 3 00 HB and a 
diameter of 160 mm. The wear criteria in this test was 
the measure of the edge depression in ^m, which reflects 
the inverse resistance against plastic deformation. A 
lower value of the edge depression indicates higher re- 
sistance against plastic deformation. 
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The following results were obtained: 

v= 190 m/min v= 2 20 m/min 

edge depression, urn edge depression um 

A 59 85 

B 56 93 

C 89 116 

Since the general toughness behaviour was similar it 
is clear that both insert A produced from Co-coated WC 
and insert B produced from uncoated WC both according to 
the invention, performed better than insert C produced 
with conventional techniques. 

Example fi 

A. Cemented carbide turning tool inserts of the type 
CNMG120408-PM with the composition 5.48 wt-% Co, 3.30 
wt-% Ta, 2.06 wt-% Nb, 2.04 wt% Ti and rest WC with a 
grain size of 1.6 pm were produced according to the 
invention. Cobalt coated WC, WC-5 wt% Co, prepared 
according to US 5.505,902 was carefully deagglomerated 
in a laboratory jetmill equipment, mixed with additional 
amounts of Co and deagglomerated uncoated (Ta,Nb)C, TaC 
and (Ti,W)C powders to obtain desired material compo- 
sition. The mixing was carried out in an ethanol and 
water solution (0.25 1 fluid per kg cemented carbide 
powder) for 2 hours in a laboratory mixer and the batch 
size was 10 kg. Furthermore, 2 wt% lubricant, was added 
to the slurry. The carbon content was adjusted with 
tungsten powder to a binder phase alloyed with w 
corresponding to a CW-ratio of 0.95. After spray drying, 
the inserts were pressed and sintered according to 
standard practise and dense structures with no porosity 
were obtained. 

The inserts were coated with an innermost 5 urn layer 
of TiCN, followed by in subsequent steps during the same 
coating process a 6 |im layer of AI2O3 . 
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B. Cemented carbide turning tool inserts of the type 
CNMG120408-PM with the composition 5.48 wt-% Co, 3.3 0 
wt-% Ta, 2.06 wt-% Nb, 2.04 wt% Ti and rest WC with a 
grain size of 1.6 pm were produced according to the 
invention. Uncoated deagglomerated WC was mixed with 
additional amounts of Co and deagglomerated uncoated 
(Ta,Nb)C, TaC and (Ti,W)C powders to obtain desired 
material composition. The mixing was carried out in an 
ethanol and water solution (0.25 1 fluid per kg cemented 
carbide powder) for 2 hours in a laboratory mixer and 
the batch size was 10 kg. Furthermore, 2 wt% lubricant, 
was added to the slurry. The carbon content was adjusted 
with tungsten powder to a binder phase alloyed with W 
corresponding to a CW-ratio of 0.95. After spray drying, 
the inserts were pressed and sintered according to 
standard practise and dense structures with no porosity 
were obtained. 

The inserts were coated with an innermost 5 »m layer 
of TiCN, followed by in subsequent steps during the same 
coating process a 6 |Um layer of AI2O3 . 

C. Cemented carbide turning tool inserts of the type 
CNMG120408-PM with the composition 5.48 wt-% Co, 3 30 
wt-% Ta, 2.06 wt-% Nb, 2.04 wt% Ti and rest WC produced 
from powder manufactured with conventional ball milling 
techniques with the same CW-ratio and almost the same 
average WC-grain size as insert A and B were coated with 
the same coating as insert A and B. 

Inserts from A, B and C were compared in a external 
longitudinal turning test with cutting data 240 m/min, a 
dept of cut of 2 mm, and a feed per tooth equal to 0.7 
mm/revolution. The work piece material was SS 2541 with 
an hardness of 300 HB and a diameter of 160 mm. The wear 
criteria in this test was the measure of the maximum 
flank wear after 5 min in cutting time, which reflects 
the resistance against plastic deformation. 
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The following results were obtained 

max. flank wear, fim 
A 28 
B 35 
C 38 

Since the general toughness behaviour was similar it 
is clear that both insert A produced from Co-coated WC , 
and insert B produced from uncoated WC both according to 
the invention, performed better than insert C produced 
with conventional techniques. 
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Claims 

1. A cemented carbide insert with excellent 
properties for machining of steels and stainless steels 
comprising WC and 4-25 wt-% Co in which the WC-grains 

5 have an average grain size in the range 0.2 - 3.5 jilm 
characterised in that the WC grains have a 
narrow grain size distribution in the range 0-4.5 |im. 

2 . A cemented carbide insert according to the 
preceding claim comprising WC, 5 - 2 0 wt-% Co and 0-30 

10 wt-% cubic carbide, preferably 0-15 wt-% cubic 

carbide, most preferably 0-10 wt-% cubic carbide such 
as TiC, TaC, NbC or mixtures thereof in which the WC- 
grains have an average grain size in the range 0.8 - 3.5 
|im preferably 1,0 - 3.0|imcharac ter i s e d in 

15 that the WC grains have a narrow grain size distribution 
in the range 0.5 - 4.5 \im. 

3. A cemented carbide insert according to claim 1 
comprising WC and 10 - 25 wt-% Co, preferably 15 - 20 
wt-% Co in which the WC grains have an average grain 

20 size 0.2 - 1 . 0 |im c h a r a c teri sedina narrow 
grain size distribution of WC in the range 0 - 1.5 |im. 

4 . A cemented carbide insert according to any of the 
preceding claim characterised in that the W- 
content in the binder phase expressed as the "CW-ratio" 

25 defined as 

CW-ratio = M s / wt%Co * 0.0161 
where M s is the measured saturation magnetization of the 
sintered cemented carbide insert in kA/m and wt% Co is 
the weight percentage of Co in the cemented carbide 
30 shall be 0.82 - 1.0, preferably 0.86 - 0.96. 

5 . A cemented carbide insert according to any of the 
preceding claims characterised in that said 
insert is provided with a thin wear resistant coating. 

6 . A cemented carbide insert according to claim 5 

35 characterised in that said coating comprises 
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TiC x N v O z with columnar grains followed by a layer of oc- 
AI2O3, K-AI2O3 or a mixture of a- and K-AI2O3 t 

7 . Method of making a cemented carbide cutting tool 
insert by mixing powders of WC, TiC, TaC and/or NbC, 

5 binder metal and pressing agent, drying preferably by 
spray drying, pressing to inserts and sintering 
characterised in 

- that a deagglomerated WC-powder with a narrow 
grain size distribution is used, 

10 - that the powders of Tie, TaC and/ or NbC are 

deagglomerated and 

- that the mixing is wet mixing with no change in 
grain size or grain size distribution 

8. Method according to claim 7 

15 characterised in that in the WC-powder with 
a narrow grain size distribution the coarse grain tails 
>4 . 5 |im and fine grain tails, <0.5 |im, are eliminated by 
sieving such as in a jetmill-classif ier . 

9 . Method according to claim 7 

20 characterised in that in the WC-powder with 
a narrow grain size distribution the coarse grain tails 
>1.5 Jim is eliminated by sieving such as in a jetmill- 
classif ier . 

10. Method according to any of the claims 7-9 
25 characterised in that the WC grains are 

coated with binder metal and deagglomerated prior to the 
mixing . 
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